
TABLE 6-1
(pa".1 of 4)

SUMMARY LIST OF MAJOR UNCLASSIFIED SYSTEMS
IN THE 2200-2290 MHz BAND AND ESnMATED 

FEDERAL GOVERNMENT'S INITIAL AND REPLACEMENT COSTS·

NUMlER UNIT lNITW. REPlACEMENT
SYSTEM Of' COST COST cos-rf'

UNITS .ILL) (SMILL) .MILL)

1. SPACE SYSTEMS·

/\. GrouncI EIemenlI

(1) __ Ground LInk SubIyIIIm (SGLS) (leE TMLE 5-11

(2) Ground Spaceftlglll Traeldng and Data Network (GlTDN) ec NA NA NA

(3) Automate<! Aemole Treeldng Syllem (ARTS) I SEE TABLE 5-'1

(4) AN/SM().II weather Ael:eIver Bel" 75 1.1 83 100

B. __ EIemenlI

(1) __ ShUll.. ISEETNIlE 5-11

(2) Spece Stallond 1 1000 1000 NIA

(3) StrategIC Defense Innlallve (SOI)d NA NA 3120 ~

(4) TrKICIng and Data Relay latelllle SyIlem (TORSS) ef NA 1000 1000'

(5) Augmente<! (TORSS)" 3h NA 710 NIA

(IS) AlMr-et TORSS (ATDRSS)" 3 333.3 1000 HIA

(7) TfIICIdng and Data Ac:qulIllIOn SYilem (TOAS) NA NA NA NA

(8) NAVSTAR GIoOaI PoIIllonlng SYilem (GPS) ISEETNIlE ·'1

NA .. Not Available
NIA .. Not Applicable. System Is either In developmental or completion stage.

•Some of these systems belong to one or more radio services.
••Other examples of weather receiver sets operating in the band are: AN/SMQ-10,

AN/TMQ-35,AN/TMQ.37,AN/FMQ-14,andAN/UMQ.13syst8ms. There are currently
no available data for these systems.
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TABLE 6-1
(page 2 Of C)

NUMBER UNIT INITW. REPlACEMENT

SYSTEM OF COlT COST COS1'"
UNITS (lMILL) (lMILL) (SMILL)

a. SPACE RESEARCH SEfMCE (SIt..lII. NelWOItII)

A. Space Till Systems (P71-2. ~1 Mel Pl6-1) .ISEE TABLE 5-1 I
B. InletMIIClNI UllravlO1e1 ElqlIoI'er (IUE) 1 NA NA NA

C.~ Exp\ofW A-8 (DE~ DE-B) a 122.5 45 ,.,
D. AilIV..-cl Mll8'1IlOIpt1erlc PwUcIe ExperImtnll II NIA lSi II

ChIrge CompcIIIIIon Explorw (AMPTE/CCE)

E. bIttl AIlCIIaIIon Budge! ......... (ERBS) 1 • III 21'

F. 1M MM:o OIL & DIM SVII,,"s 2 NIl. NA NIl.

G. CoMIlc 8Ilckgrouncl Explorw (COSE) 1 86 86 153

H. HutlIlII Space TIIIIcopI (HST) 1 1500 1500 1sooi

l. Gamma Rey 0bMrvat0lY (GAO) 1 IIliO IIliO ssoi

J. Roenlgtn ....1111. (ROSAT) 1 NIl. NIl. NIl.

It UlySseS 1 750 750 7gj

L EJCIreme UnravlOlet Explorer (EUI/E) 1 NIl. NIl. NIl.

M. X·ray Timing Explorer 1 NIl. NIl. NIl.

N. lnlernatlorl8J Solar TerrntrtaI F'hyslC$ • NIl. NIl. NIl.

(ISTp) Program

O.T~y Expef\IneIl!/l'oIeklon 1 .15 .tIS ,f25i

P. TetIleM SIlelllte System (TSS) NA NA NIl. NA

Q. Upper AIrnoIpheI'e RIMIrdl SIlelllI. (UAAS) 1 450 450 545

fl QlemlcaI ........ Module (CRM) 1 NIl. NA NIl.

S. AIlrOnCImIcIII-Shuttle~ SIlllllle 1 10 10 55

T. InIIfUl'IlenIeC Till VItllCIe (ITV). SOLS IIEETAlLE .,/
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TABLE 6-1
(page 3 of 4)

NUMBER UNIT INITIAl REPLACEMENT
SYSTEM OF COST COST CO~

UNITS CtMILL) "MILL) "MILL)

3. EARTH EXPLORATION SERVICE
(satellne NeIWOrlcS)

A. LANDSAT 2 110 II#' 1037

B. NIMBUS 7 NA NA NA NA

C. GeoIynchIOflClUl 0peIIf1Onll Em/lrOIlmeIllal 5 NA tlJIOl I(Kli
....... (GOES)

D. NOM T......... Inbnld 0bIelWI1OnIl NA NA NA NA
8IIIelIlIe (TIFlOS)

E. DIfenN MeleorolOglcll Sltllllle Program ISEE TABLE &-11
(DMSp)

4. SPACE OPERATION SERVICE
(Satelllle NelWOl1cI)

A. May of LOW Energy x·raya imaging 8eI'IIOIS ISEETABLE &-11
(ALEXIS)

B. OIbning Maneuvering Vehicle (OMY) 1 30 30'" 40

C. Polar P1uma LabOl'atory ancl Wind Spac:ecraII 2 NA NA NA

O. Fleet satellite Communication (FLTSATCOMI NA NA NA NA

E. Fleet satellite Communlcatlon·C ISEE TABLE 5-1 I
(FLTSATCOM·C)

F. Del"", sateUne CommunICation System ISEE TABLE &-1 I
(DSCS) • II, Ill, ancl FofIOW·On

G. IneIllII Upper Stage (IUS) ISEETABLE &-11
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TABLE 6-1
(page 4 of 4)

NUMBER UNIT INfT1AL REJll.ACEMENT
SYSTEM OF COST COST eem-

UNITS lIMIU.) (IMILL) ($MILL)

s. FIlCEDSEAV1CE

A. IJnHf.8lIhl, PoInl*PoInt~ IOI" 0." 11 31

.. VeIMI TnIIIlc SyIIem 2 NA 11' r7

C. ICMl/ICMRfTACTS NA NA :z'II 3

•. M08IU! IEfMCE

A. Nt1tJtc4JntJ. NtI~r Incl tJtc4JntJ/Gn:luncl VIdeo
DIIa \JnICI

(1) CMIge COUpltcl DevIce"'" lyIlem 2 0.01. 0._ 0._

(2) AN/DK'T-71 13 0.051 3 4

(3) T1lan III 4 O.CMO 0.18 0.3

(4) 'Ibn IV 15 m.:r 11430 15430
10

(5) vector 1-100 S/L Seflel 1000 0.007 7
4.4

(II Omlte!< TX 501 30 0.13:1 4
3

(7) MlCrOCOm 1'802 500 OAOl 3
0.2

(II Earlh Anource (EM) HlgII N11lUcle NA NA 0.14
U

(I) MIA COM MOClel MA-2.5MX Tranamill.,. Md 7 0.021 0.20:t
MOCleI SUper 2MR AIceMfI

.. TIlMred Radar ..IoonI/SEEK SKYHOOK r1EETAILE ·'1
c. Scorlng Systems (Tetemetry Unk)

(1) Al/tIOrM

I) AN/USQ.X NA NA '.7 1.
I) AN/D80-50 lOG IM7I 7.1 •

_)0Iners NA 0.'- NA NA

C2) GftlunCI

I) AoItIng • sea 1WVtl lyIlem (FAST) IISEETAaU! ·'1
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FOOTNOTES TO TABLE 6-1

-rhe initial and replacement costs are based on current available documentation. These are
non-recurring costs only.

!When specHic estimates are not available, the replacement cost is either based on an assumed
annual inflation rate of 10% (e.g., for space systems, mobile systems, etc.) or cost of $250,000
per new station (e.g., for fixed line-at-sight, polnt-ta-point systems). For systems in the
developmental or completion stage, the replacement cost is assumed to be at least the initial
cost.

'Earth tracking earth stations located v.orldwide.

·System not yet operational.

-rotal SOl spending authority in fiscal year 1990.

'Includes four operational satellites, one spare satellite and an earth station.

llCost of the system procured on a 10-year lease basis.

"Two satellites and an earth station.

1'he value represents the cost of the AMPTE/CCE satellite launched by the U.S. The remaining
two satellites are being provided by the Federal Republic of Germany and the United Kingdom.

iThe value represents the current (1990) cost.

k(:ost is based on LANDSAT 0 System.

'Cost is for GOES I through GOES M, including ground support equipment.

'"Combined cost of the communications and tracking subsystem.

"Total fixed assignments in the band.

°Assumedcost per fixed link.

'Cost includes the vessel Traffic Systems in New York and New Orleans.

ClCost Is only for the TACTS radio relay operating along the East Coast of the U.S.

'Procurement cost for 75 Titan IV vehicles until 1992.

-COst per unit is based on the per unit cost of the Bullet Hit Indicator and the Miss Distance
Indicator Systems.
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A short functional summary of the major systems in the 2200·2290 MHz band is given
below. The space usage in this band II baalclny limited to _)'Items operat.d by the
U.S. Air Force and NASA, except for the -GOES-which ia operated by DOC. Thea. systems or
satellite networks are enumerated and bMfly diacussed under their reapeetiw service categories.
Special systems such as: the Spaceflight Tracking and Data Network (STDN) under the ayatem
management and technical direction of the Goddard Space Right center which supports
manned and unmanned Earth-orbtting and lunar acientlfic and advanced teehnoIogy satellites;
and the Tracking and Data Relay Satetlit. Sptem (TDRSS) and Its aubsequent upgrade aystem
are described under -Space Systems.·

MAJOR UNCLAIIIND SYSTEMS opeRATING OBPLNtNED fOB OPERATION IN THE
2200=2210 MHz BAND

Major systems listed below that also operate In the 1710·1850 MHz band are not
discussed further In this chapter. Included in the category are some apace and satellite networks
that use the SGLS uplink band (i.e., 1761·1842 MHz) for tracking, telemetry, and command
operations. These systems were previously discussed in Chapter 5. A good number of space
systems operating in the 2200·2290 MHz band receive data from other uplink bands, in
particular ••• the 2025·2110 MHz band.-

SPACE SDTEMS

HLI. Discussed previously in Section 5.

AuttrnatIjJ Bemo,. TrIcking Sylttm (MTS.). OIscusaedprevlously in Section 5.

IptpttUgbt Tracking Ind Dati NIIwQrk (SJDN)

NASA maintains a worldwide system of ground tracking stations to pIOIfde tracking,
telemetry, and command to all authorized user spacecraft mlaalona. The set of ground stations
presently supporting the low Earth·orbiting tpacecraft and the high, eccentric, or aynchronous
orbit spacecraft, together with the communication links connecting NASA centers with the ground

, stations, is referred to as the STDN.

"'he 2025·2110 MHz band is not considered In this report.
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In the 1980s,the·Tracklng and Data Relay Satellite System (TORSS) was added to the
STON. With this addition, the STON provided the Inauaed support required by user missions
and allowed the closure of some STON ground station lites. A key benefit of theSTON In the
TORSS era Is that data fION between mission lpacecraft and user ground station facilities is in
real time.

The earth statfonaoperatlng at eight locatiOns around the world make up the Ground
Spaceflight Tracking and Data Network (GSTON). These earth stations track spacecraft during
the launch and suborbital phases and usually In orbit. 1'hNte of the GSTON ground Itations
located at Goldstone. CA. Madrid, Spain, and Canberra, Australia, provide primary support for
high and synchronous orbit spacecraft and for the eccentric orbit spacecraft. A fourth GSTON
ground Itatfon at Feirb8nks, At<, IUPPOrts .x18t1ng Earth orbiting spacecraft which are not
compatible with TORSS. Launch support facilities are located at Merritt Island, FL, with down
range facilities at Bermuda for east coast launches. The vandenberg facility is operated by the
USAF for west coast launches, while Wallops Island. VA, will continue to support a limited
number of orbiting research satellites.

ANtsMQ-11 weather RlCllyJr Set

The AN/SMO-11 weather receiver set receiv8s weather Information directly from the
Defense Meteorological Satellite Program (OMSP) satellite, Television Infrared Observational
Satellite (TIROS-N) polar-orbiting satellites. and Synchronous Meteorological Sat.llite 
Geostationary Operational Environmental Satellite (SMS-GOES). The AN/SMO-11 weather
receiver set is a receive-only earth station, which will use nquencies In the bands 136-138 MHz
(50KOV1D emission), 1690-1710 MHz (260KV1D emission), and 2200-2300 MHz (6MOOG1D
emission). The set will replace the currently deployed AN/SMQ-6 and AN/SMQ.10 receiver
recorder sets and will be located at 31 fixed shore sites worldwide, and on 44 ships at sea areas
worldwide. The AN/SMO-11 weather receiver set will pnMde real-time weather information to
support ship movement decisions and operations.

'M. Shuttle. Discussed previously In section 5.
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IMc, Station fREEDOM (SSE)

The SSF Is a multi-purpose facility which will provfde the U.S. WIth a permanent, manned
orbital facility serving many functions including the follCM'ing: a nationaillbol'ltory in apace for
scientific research; a permanent observatory in space; a servicing facility for various free-flying
spacecraft; a transportation node; an assembly facility; a manufacturing facility; and a staging
base for space exploration. In addition to gowmment uae, the SSFwiH also be available for
non-government and foreign use.

Launch and assembly of the various space station elements 818 scheduled for the mid
1990~ and has a life expectancy of 20 years or more. The maln platform, or core, will occupy
a low-Earth orbit Inclined 28.5 0 • The Polar Orbiting Platform, containing payloads such as
remote ,.neora that do not require frequent aeMcfng from the core, will occupy a sun
synchronous· orbit Inclined about 98 0 • Other elements Include the free.flying spacecraft and
various ,ervlce and orbit transfer \l8hicles. Transportation to and from the Earth wilt be provided
through the Space Shuttle. Telecommunications for the Space Station wilt be provided primarily
by many existing NASA frequency resources including the TDRSS and Its follow-on systems, the
Tracking and Data Acquisition System (TOO). The National Space Transportation System
(Space Shuttte Orbiter, NSTS) will provide primary logistics support. The GPS is the most likely
system to be used in conjunction with the SS traffic control function.

Itrattglc blflDs. In"'I1'ft {SOil •II'"SIttI'"' SyJt.m

The SOl is a major DOD program which will involve the extensive use of space systems.
One component of the SOl, SOl Target Satellite System (SDI/TSS),is undergoing experimental
testing. The purpose of the sateltlte experiment is to meaaure the temporal and spatial
distribution of low-energy infrared, ultraviolet, and visible taaer beams trantmltted from
designated ground sites and telemeter the measurement reautts to aelected ground ltations.
At any one time this system will consist of four earth stations and up to two tow..arth orbiting
(463 km) aatel:ltes.

l.aer experiments will be conducted from fiYe poIIIbfe sites: Maul, HI; Chfna·Lake, CA;
White 8ands, NM; Albuquerque, NM; and Westfotd, MA. Two teIecommand/telemetry ground
equipment packages will be transportable to allow them to be mcMd to various lOcations. Sites
at BioHom Point, MD, and the Naval Research L.aboratory (NRL) near washington, D.C., will be
used for house/station keeping and/or scheduling.
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The systems uplink telecommand will operate on the frequency 142.650 MHz and the
downlink telemetry operations will be conducted at 2286 MHz with a necessary bandwidth of
6.25 MHz. To date,no other SOl components have been presented to the IRPe Spectrum
Planning Subcommittee.

TrIcking and'" BIllY satlllit. Sntern aDRSS)

The TORSS is a NASA program developed to reduce the cost and Improve the efficiency
of returning spacecraft-gathered scientific data to Earth. In addition, real-time CO\I'8rage of the
low-orb!t ..teflite cen be pl'OYided on a more complete basis, 88 compared to the previous
network of U.S. earth stations which can support a given apace research mission for about 15
percent of the time due·to visibility constraints. The TORSS wes principally designed to provide
communication links between LEO spacecraft, including the Space Shuttle, and earth stations
via geostationary satellites. It is an integral part of NAS,. STON and, when fully operational.
will replace possibly six GSTON from Hawaii to Africa.

The TORSS at full operation. can track up to 26 satellites at a time, will ultimately consist
of five geostationary Tracking and Data Relay Satellites (TORS): four operational IItellltes
located at 41°\¥, 62°\¥, 70°\¥, and 171 oW and one (n-orblt spare; and an earth ltation at White
Sands. NM. The first satellite, TORS·EAST or TORS-1. was launched In April 1983 and
positioned at 41 ° west longitUde. Unfortunately, a second satellite was lost with the Space
Shuttle Challenger in January 1986. In 1988, a sophisticated TORS (TORS-3)was launched at
171 0 west longitude to work in tandem with TORS·1. The TORS-3 allows mission control to
stay in near-continuous contact with shuttle crews and Iow-orblt satellites.

Because of the importance in improving communications with future shuttle crews. NASA
launched another satellite (TORS-4) in March 1989. Described .. the most complex non-military
commUf'licatlons satellite, the TORS-4 has dramatically impfO\l8d communications with LEO
spacecraft; in particular. the Space Shuttle. When TDRS-4 was depla;ed into orbit. NAS,.
TORSS was completed and converted TORS-1 Into an In-orbit spare.

Howewer, In early 1990, TORS-1 was rnoJ8d to 171 0 v.st to fulfill some of the functions
of TOR8-3 which lost some Ku-band (13.775 and 15.0084 GHz) capabilWel." The TORS-3 was
shifted to 1740 West Longitude, hCJNfMtr. It stili carries the bulk of the communications traffic In
the ..tellite systems West position. Another aatellite. TORS-S, was acheduled for launch In May

" At/ation Week and Space Technology, McGraw-Hili publication. May 7, 1990.
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1991 and was likely to be placed in the West position to replace the weaker of the two existing
satellites (i.e., TORS·1 or TORS-3).

Augmtnt'd TORSS

The Augmented TORSS will enhance the capacity of the TORSS for contingencies with the
.Increase in the number of satellites in the system and the addition of a .econd earth station.
NASA, with the Augmented TORSS, plans to place two additional TORS lltentte. In
geostationary orbit at 46 0 west and at 174 0 West, and establish an additional earth station at
White Sands, NM.

Adwnctd IDASS lATDASS)/IDBS-2

The ATORSS/TORS·2 is being designed as a foilaN-on to the TORSS and the Augmented
TORSS. The ATORSS satellites will be phased in to replace satellites In the Augmented TORSS
network as they wear out or as the Increased capacity Is need.d for mission support. eventUally,
Advanced TORSS satellites will replace all of the original TORSS satellites. initially, the ATORSS
will consist of three geostationary satellites to be launched beginning In 1997. In addition to the
communication links available with TDRSS, certain ATDRSS plans call for space-to-space links
In the 22.55-23.55 GHz, 25.25-27.5 GHz and 54.25-58.2 GHz ISS bands and feed.r Hnks In the
17.7-21.2 GHz and 27.5-31 GHz FSS bands. Portions of these bands aN allocated for
non-government or shared use, allowing ATDRSS to be used by commercial spacecraft.

SPACE RESEARCH SEfMCE

P78-2 System - Discussed previously in SIction 5.

P80-1 System - Discussed previously In edon 5.

P86-1/CRRES System - Discussed previously In Section 5.
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Int.motlonal Unravlo11t Explorer QUE)

The IUE was launched into an elliptical orbit in 1978 primarily to study celestial ultraviolet
sources. The IUE is a cooperative effort by NASA, the United Kingdom, and the European
Space Agency (ESA).

DyDlmlc Explorer A-B (DE-A, DE-I) SyJttm

The Dynamic Explorer (DE) mission Involves two I8tellites placed into an elliptical orbit In
December 1980. The purpose of the DE program is to study priority problems in space plasma
physics. Each spacecraft will contain sensors and telemeterlng transmitters for relaying data to
Earth for scientific study. The satellite network will consist of radio frequency links from the DE·A
and DE·B spacecraft to currently existing STDN, and between the DE·B spacecraft and the
TDRSS.

Another DE satellite, designated DE·1, was ,aunched in August 1981 to investigate the
Earth's electromagnetic field in an elliptical polar orbit.

AdyInctd Megnltapberic Particle Exptrlmlm/CbllJI Compo,"lon Explorer
(AMPTE/CCE)Swn·m

Launched in August 1984, the AMPTE/CCE occupies a bighiy elliptical orbit. Tbe satellite
Is used to conduct experiments to measure physical processes in the magnetosphere and
ionosphere. The AMPTE/CCE program Is an International cooperative effort consisting of three
spacecraft. The CCE craft was launched by the U.S., while the other two were launched by the
United Kingdom and the Republic of Germany.

The spacecraft, which transmits at 2271 MHz and receives at 2091.21 MHz. U88S the STDN
earth stations.

ElM Bad.,o" Iyd. Slttflltl (IRIS,)

The ERBS occupies a circular orbit Inclined about 46 0 , Launched In OCtober 1984, the
ERBS is used to study processes related to the Earth's·climate.
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San Mlrco P/L SYIt.m

The San Marco OIL satellite was launched in March 1988 on a Scout G-1 launch whlcle
inclined at 2.9 0

• The system operates in conjunction with another satellite network, SIn Marco
DIM, for the purpose of exploring the relationship be••n lOIar activity and meteorological
phenomena. Together, they are also used to determine the lolar influence .on IaN-atmospheric
phenomena through the thermosphere, and to measure the global ozone levels.

COlmlc Background ExplOrer (COlE> Syst.m

The caBE was scheduled for launch In May 1989 to explore and Itudy dlffu8e radiation
of cosmic origin between about 30 GHz and 300 THz. The transfer of data between CQBE at
sun-synchronous orbit (900 km) and TDRSS is conducted at 2287.5 MHz and 2106.4 MHz for
CaBE transmission and reception, respectlwly. A lingle earth ltatlon located at Wallops Island,
VA, Is used for data "dumps."

HUbbl. SPlct T.lucop. (HSD System .

The HST will be the first complete observatory in spaoe and wUl haw an expected orbiting
lifetime of 15 years. It is an unmanned astronomicaJ observatory conalsting of a Support Sy_stem
Module, an-Optical Telescope assembly and a complement· of scientifIC Instruments. It will be
used to probe the secrets of the universe and analyze light 10Urces which cannot be detected
by ground-based telescopes. It was launched by the Space Shuttle In April 1990 and required
the complete shuttle payload bay service. The HST, although unmanned, can be serviced by

astronauts during extra vehicular activity missions and can be returned to Earth for refurbishing.
The HST will operate at a nominal altitude of 500 km with an angle of Inclination of 28.5 degntes
and a period of 95 minutes. The HST will receive command signals on 2106.4 MHz and will
transmit housekeeping and some ntsearch telemetry on 2287.5 MHz and wideband data on
2255.5 MHz. All communications to and from the HST will be with the TDRSS.

Glmma Bey Obl.rwtory (gRO) IIttllltt SyltIlD

The GAO satellite was scheduled for launch In Janu.-y 1880. It II a aclentific obIelWtciMy

that was to be placed In a IaN-Earth orbit to coItect data for use in atudyingvarloua aouroes Of
gamma rays. The satellite will operate In circular orbits with altitudes between 350 km and
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450 km with an inclination angle of 28.5 degrees and an approximate period of 93 minutes. It
will transmit on 2287.5 MHz and receive on 2106.4 MHz from the TDRSS.

8o_.n SIttIIItt lBOSAD Syst.m

A cooperati\te project WIth the Federal Republic of Germany, ROSAT will study Individual
x-ray sources and perform a general x-ray survey. ROSAT was scheduled for a February 1990
launch on a Delta II booster.

UIyM.,

The primary objective of the Ulysses spacecraft Is the study of various solar phenomena.
Ulysses will also be used for study of Interplanetary physics and the JovIan magnetosphere.
Ulysses was scheduled for an.October 1990 Space Shuttle launch.

Extrlm. Ultraviolet Explorer (EUYE)

The EUVE was scheduled to be launched In August 1991 by .lther the Space Shuttle or
the Delta launch whicle and will survey the entire eelestlef sphere in the .xtreme ultraviolet
spectrum. The spacecraft, In near-circular orbit, will Include four telescopes, operating only In
the Earth\s shadow.

X_Timing Explorer CXTEl

The XTE spacecraft will study x-~ sources from a 500 km circular orbit Inclined 28.5 0
•

The XTE Is scheduled for a November 1993 Space Shuttle launch.

InItmItIoMI Solar TtrrtltrialPbDlg am fJrptnm

A joint effort of NASA, ESA, and Japarm Institute of Space and AltronautJcal SCience
~SAS), the ISTP program will consist of nine spacecraft studying the sun and the earth. ISTP
minions are'scheduled to begin In 1992.
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TQpograpby ExMrtm.nt/PPHldon

The ocean Topography experiment (TOPEX)/Poaeidon Project Is a joint mission of NASA
and the National Space Agency of France (CNES). The primary ml88lon goat of this project Is
to support oceanographic ....arch by pteClsely meaaurlng the oceanic topography of the sea
surface to further understanding of global ocean dynamica. NASA wi" provide the satellite and
the TOPEX sensors (dual-frequency.altimeter, mlcrowllve radlometet't laser retrorettector array,
and GPS recehler). CNES will provide the Ariane launch and the POSEIDON sensors (dd-state
altimeter and DORIS tracking system receiver). The TOPEX/POSEIDON spacecraft was
s~edured to be launched from the centre $patiaIe8 de Gullna In French Guiana on an Ariane
4 launch vehicle during December 1991. The proposed circUlar orbit will have an Inclination
angle of 63.13 degrees, a rotation period of 112.36 minutes and an attitude of 1333.8 km.

_btM SIt.lllt. Syst.m asS)

The TSS Is a joint undertaking between NASA and the italian National Space Plan (PSN)
.of the National Research Council of Italy (CNR). The ..teliite Is to be launched from and
tethered to the shuttle. Initially, two missions for the TSS are planned. The first minion will
deploy the 8Itelllte 20 km from the shuttle tCM'ard deep space on a conducting tether and study
electrodynamics associated with the tether cutting the Earth's magnetic field. On·the second
mission the satellite will be deployed toward the Earth on a 100 km nonconducting tether to
study the Earth's atmosphere. This second mission will require different equipment with different
frequency requirements. The first flight was scheduled for January 1991, and the second within
18 months of the first.

TheTSS will communicate with the shuttle presumably on the proposed frequencies at
2260 MHz (TSS transmit) and 2081.08332 MHz (TSS receive). NASA has stated that the
frequencies will be noted for a period of five years. The nominal TSS mission duration 18 36
hours which Includes deployment, on-station and retrieval. The satellite will be deployed Of"lly
once per shuttle flight.

Upptr·Atmupblrlc """reb IItIIIItI NABS}

The UARS is a scientific satellite designed to perform extensive studle8 of the properties
of the Earth's upper atmosphere between 20 km and 120 km. Experiments to be conducted
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Include the better understanding of winds, atmospheric thermal balance, and the chemical
processes inherent to the Earth's upper atmospheric l8Qion. The system consists of a
UARS/TDRSS transponder and various UARS antennas.

TM transponder will use the frequency 2287.5 MHz to transmit and the frequency 2106.4
MHz to receive. The UARS win use TDRSS to relay data to the Earth station located at White
Bands Ground Terminal, HM. TM cooperatingreiay satlllitel .. the TDRS41Y( TDR~
TDRS79~. and TDRS171W. The UARS may aIao transmit dnctIy to the Earth stations located
at Goldstone. CA; Canberra, Australia; and Madrid, Spain, for emergency backup only. The
transponder has an emission designator of 5MG70 and peak envelope poN8I' of 0.7 dBW

Cbtmlclf RtfM" ModUI. (CAM) Sltlfllt.lyattm

The CRM is an unmanned satellite used to stUdy the effects of solar wind on the Earth's
magnetic field and on the Earth's atmospheric and ionospheric regions. The CRM was boosted
Into an elliptical orbit by the Space Shuttle. While in orbit, the CRM releases various chemicals
for monitoring at selected altitudes and locations ewer the earth.

Command and control of the spacecraft on 2070 MHz and satellite housekeeping telemetry
on 2248 MHz is provided by the TDRSS. An emergency backup to the TDRSS Is affected with
the GSTON ground stations.

The CRM was launched in 1984 and planned to operate through 1991.

Altronomlcal (ASTRO) • Shuttle Pallet 1It.llb (SPAS.)

ASTRO-SPAS is a program managed by the Federal Ministry for Research and
Technology, Germany. It will be launched on the National Space Tranaportation System (NSTS),
deployed, and then retrl....d on the same miallon. ASTRQ..SFW) Is • telescopic payload which
will make IClentffic measurements by scanning the Earth~ horizon and atmosphere on one
mission and scanning deep space on a subsequent mission using a passive sensor to scan.
The satellite communications links will be through the NSTS OrbIter via the Payload Interrogator
(PI). The ASTRO-SPAS transmits data at 2225 MHz to the PI and receives data from the Pion
2048.85 MHz. Approximately 30 minutes of support wary eight houIIlI anticipated for normal
operations. The total length of one ASTRO-SPAS mission Is Hmlted by the duration of the NSTS
orbiter mission, nominally four to five days.
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Two missions are planned. An initial launch Is scheduled for September 1992 and a second
launch Is scheduled for May 1993.

IN SOLS. Discussed previously in Section 5.

EARTH EXPLORATION SERVICE lEES)

The LANDSAT system consists of two poIar-orbitlng satellites used for detection of visible
and near Infrared radiation reflected by the Earth and for mapping. LANDSAT 4, launched In July
1982, developed technical problems that made the launch of an additional satellite necessary.
LANDSAT 5 was launched In March 1984. Although lnitlaiiy operated by NASA, rnponaibillty

for the LANDSATS was transferred to the National oceanographic and Atmospheric
Admlnistr8tlon (Nov.) beginning In January 1983. In 1986, the Earth Observation satellite
Company (EOSAT) was formed to take OYer operation oftheLANOSAT program under the Land
Remote"senslng Commercialization Act of 1984.' In 1989, LANDSAT 6 was under system review
for operational status. By agreement between NTIA and NESCIS, NOAA Is to be licensee for
LANDSAT 6.· LANDSAT satellites employ both TDRSS data links and direct links to earth
stations.

NIMIUI-7 'attUn.Syat.m

Launched in October 1978, NIMBUS·7 occupies apolar sun-synchlOnous orbit. The satellite
Is used for atmospheric sUl'Y8i11ance and mapping.

• National EnvilOnmental Satellite, Data, and Information Service.

6-17

.111111. 11_.. I. ' .111111111 I nl. I III'



Geosynchronous Operational Enylronmental satellite (GOES) System

GOES Is part of the International Geostationary Meteorological Satellite Data Collection
System (IGMSOCS) which also includes sewral satellites of other nations. The latest launched
GOES satellites are the GOES 6. launched In April 1983, and GOES 7, launched In February
1987.' These satellites are located at 135.1 0 West and 74.80 Wast, ..spectively. The latter
satellite Includes a satellite EPJRB experiment.b In addition to MetSS frequencies. GOES
satellites also operate in the 2025·2110 MHz and 2200·2290 MHz EES bands.

The current GOES system, consisting of seven satellites, is being ..placed in order to
provide more timely and higher resolution weather forecasts O\I'8r the Continental U.S., and to
provide an Improved system for the collection and dissemination of meteorological data. The
next generation of N~ GOES weather satellites include GOES·I through GOES·M with
scheduled launch dates between March 1990 and March 1997. They will ewntuatly replace the
current GOES satellites at longitudes of 75 and 135 degrees west.

NOAA 'II'",'.'on Infrared ObteryatiQDI' Sat'"It. OOftOS.) System)

Current TiReS series satellites include NOAA 9, launched In December 1984, and NOAA
10, launched In september 1986. Th8$e satellites measURt atmospheric temperature and
humidity, surface temperature, cloud C<Mtr, water-Ice boundaries, and proton and electron flux
near the Earth. The TIROS satellites also carry EPIRB system transponders.

SPACE OPERATION SERVICE

Array 01 Low Energy X-ray. Imaglna SeOlO'I (ALIXIS). Discussed previously in
Section 5.

DIftn.e Satellite Communications Syaltmt fPSCS). Dilcussed previously In section 5.

FIItt Satellite Commynlcatlon=C (fLTSATCOM-C). Discussed previously In Stction 5.

• These Systems are operated by the U. S. D8partment of Commerce.
b Emergency Position-Indicating Radiobeacon.
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'nlntal UpPle Ita.. (JUS). Discussed previously In Section 5.

Orbiting MlnllNtrlng YtbJcIt (.OMX)

The OMV Is a multi-purpoae '*'icle that will be launched and returned to Earth by the
shuttle. The vehicle will deliver, retrieve, reboost and deboost payloads and prowide viewing for
teleoperatlons. It will operate out of the Shuttle and Space Station (SS). The operational altitude
of the OMV will range from 185 km to approximately 2800 km. The OMV missions are to be
about 20-30 hours In length. The OMV Is capable of supporting missions of up to I8\18n days.
Additionally, the OMV can survive In orbit for nine months In a contingency mode. during which
time on board transmitters will be paNered down. The OMV will be controlled from the ground
through TDRSS. except when It is within the SS control zone (approximately 32 km) when It will
be under control of the SS. The OMV also plans to use the GPS Network during its mission.
Also, the vehicle will include a rendezvous radar. This low-paN8red radar (1 to 4 W peak power)
will be used In all rendezvous operations with payloads, orbiter and SS.

The OMV is scheduled for operation (first flight) in summer 1991.

POlAR Pia,,", Laboratory ,nst WIND SPaCtCmtr

The POLAR and WIND spacecraft are parts of the Global Geoap8Q8 SCience (GGS)
support program of the International Solar Terrestrial Program. (ISTP). The objective of the GGS
Initiative Is to measure, model, and quantitatively assess the processes In the Sun·Earth
interaction chain by the use of GGS spacecraft WIND and POLAR. Specific GGS objectives
include stUdying the solar wind-magnetosphere energy coupling and the global-magnetosphere
transport. The major objective of the ISTP GGS program Is to make measurements from these
two spacecraft simultaneously with measurements from the Institute of Space and Astronautical
ScIence (ISAS) Geomagnetic Tail Laboratory (GEOTAIL) spacecraft and the Air Force CRRES.
GEOTAIL Is part of the ISTP Collaborative Solar Terrestrial inltiatNe and makes meaaurements
In the g4K)magnetlc tall. The CRRES spacecraft will make complementary magnetospheric
measurements In thfl equatorial region.

• The POLAR and WIND Spacecraft have dual service (Earth Exploration and Space Operation
services).
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The WIND and POLAR spacecraft will be placed In complementary orbits of each other.
However, the WIND Is scheduled to be launched six months (December 1992) ahead of the
POLAR (June 1993) and are expected to have a lifetime·of 24 and 18 months, respectively. The
tracking, telemetry and command frequency requirements pertinent to the 2 GHz operations are
for the frequencies 2094.9 MHz (up1ink) and 2275 MHz (dOwnlink) for WIND and 2085.69 MHz
(uplink) and 2263·MHz (downlink) for POLAR.

FIXED SlIMeE

Polnt-toftlnt (LOS)

As Is the case in the 171().185O MHz band, the 2200-2290 MHz band also supports
medium capacity fixed microwave links. In this band, the pofnt-to-polnt (LDS)cIass of system
Is basically similar In function to the LOS system described earlier, except for the use of trunklng
where It is common in the 1710-1850 MHz band, but slightly different in technical characteristics.
A total of 266 assignments are currently registered In the GMF having the station class specified
above. The Army, with 110 assignments, is the predominant user of this type of fIXed system
In support of Its backbone, radio relay, testing microwave systems, hydrological and construction
operations. The Coast Guard (CG) comes next with 29 assignments. Figure 5·7 (Vessel Traffic
System) Is a representative of a typical CG network.

rllfCOmmand and rtl,mlterlna FI.d Syatlm

There are only two assignments In the GMF for this station class (FXD, FXDR). One of the
assignments Is at 2206.5 MHz for digital command from a U.S. Navy shore station in North
carolina to a platform to release stored data. The system transmits data on the hour for a period
of less than 60 seconds for each transmission which occurs thfH times during a 24 hour period.
The other .slgnment is for NASA at 2215.5 MHz in support of the Goddard Space Flight
Center~ Solar PQinting AEROBEE Rocket Control System (SFAReS) Program). The assignment
Is solely for ground testing, conducted Inside a metal building, of equipment for use In the
SFARCS program. The system uses an emission type of 6MOOG9D, 8 watts of poNer and a
dipole antenna (0 dBi gain).

The telemeterlng fixed (FXE or FXER) systems are basically used for'transmlllion from

devices or equipment to a central controller. There are 40 current assignments in the GMF
bearing the FXE (NO FXER) station class designator. The majority of these assignments,
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ipproximately 29 assignments, belong to DOE. Out of the.. 29 assignments, 12 are used for
the Nevada Automated Diagnostic System (NADS) timing and control data at the Nevada Test
Site (NTS). These assignments are characterized by the telatfvely low power level of 4 watts, an
emission designator of 2MOOF90, and an antenna gain of 30 dBI (transmit/receive). The
telemetering .ystems used at NTS include the Fannon EleCttic (FEC) LA2·2000, Fee FM·2OOQ
and TERRA COM (TCM)· - 601 .ystems. The rest of DOe. _1gnmenta are mOItly in support
of test programs .uch as: weapons testing, environmental testing for setting new telemetry
equipment ewer a dlltanee of three-quarters of a mile, etc.

.NASA has .Ix a.slgnments for the purpose of telemeterlng ....ss, vibration and .hock data
during high-G drop teats of· booster .ystem components at Huntsville, AL. The .slgned
frequencle. range from 2247.5 MHz to 2Z17.5 MHz. The attIgnments are characterized by a
power level of 10 watts and an emission designator of 500K00F90.

The Armj has four assignments In the following discrete frequencies: 2201.5 MHz,
2223.5 MHz, 2225.5 MHz and 2261.5 MHz. The assignments are characterized by the following
parameters: 5 watts of power, 0-29 dBi antenna gain and bandwidths of either 500 kHz, 800 kHz
or 2.2 MHz. These assignments support the Army's research, development, testing and
evaluation program and telemetry operations at proving grounds In UT and AZ.

The Air Force has an assignment at 2225.5 MHz for boreslght calibration of test site
Instrumentation. The assignment has a very narrow bandwidth of 100 Hz and low poN8r of 0.1

watts.

TACTSfACMI. Discussed previously In section 5.

MOIlLE SERVICE

Alr/Grtl. Alr/Air. and GnllGni VldIO and PItIJ.IDIlI

This functional class of .ystems represents the Iatgest group of uaignments,
epproximately 1322, In this banet. This band has become one Of the principal bandt lupporting
tetemeterlng for military operations .Ince the closing of the 225-400 MHz band tor this funCtion.
These .ystems primarily prcMde real-time data from IWf'lOteIy piloted Whlcfes, dtonea, and
missiles. Locations of these systems are somewhat dlvel'88but the Majority ate on military test
ranges In the Southwest U.S. and on the East Coast. The majority use Iow-galn or

6-21

.,11 •••• II.,. I. r ."1111111 I lUI 1'11'



omnidirectional antennas and power levels of less than 20 watts. The U.S. Army and Air Force,
however, operate systems with power kNels of 50 watts to 100 watts at their test ranges In the
midwest., southwest. and·southeast U.S.

The ArrI'r/. for example. has eight assignments to support range telemetry at Redstone
Arsenal, AL The operating fJequency range of the syatem atIrts at 2205.5 MHz with a10 MHz
Increment up to 2265.5 MHz and including the frequency 2271.5 MHz. The system operates at
a power kNel of 100 watts with a 1MOOP70 emlaalon delignaior and uses a whip (transmitter;
2 dBI gain) and parabolic (receiver; 18 dBI gain) antennas. In addition. the Arrrtt operates
syatems that are band-tuned in the 2200-2290 MHz band. These systems use high gain (29-38
dBl) antennaa and are authorized anywhere In the U.S.; PIf1icularly. In Army bases In the
folJONing state,: NM, UT, CO and TX. The Air Force also ope., a band-tuned system (2200
2300 MHz band) at Eglin Air Foree Base, FL The aystem .mpIafs .Ither a 1MOOG7W (100
watts) or 3MOOG7W (50 watts) .mlsslon designator. The Air Foree has two other assignments
at 2215.5 MHz and 2257.5 MHz outside the CONUS (MarshalllsJand). Both assignments are
for flight telemetering mobile systems with 80 watts of power, SOOKOOF90 emission designator,
and 45 dBi antenna gain.

The systems or equlpments discussed below are typical examples of the low-power
telemeterlng mobile systems pertinent to the band. These systems are either operational or still
at their experimental stages. The ER-2 High Altitude Aircraft Telemetry System Is an example
of the medium·to-hlgh-power system.

Chlrg.d Coupl.d DlYlc. (eeD) Ink"

The CCO Seeker System Is designed to prcwlde data and video Information for monitoring
the flight testing of missiles. The system consists of two on-board transmitters operating In the
1710·1850 MHz (video) and 2200-2290 MHz (data) bands. Both transmitters operate at 3 watts
and utilize omnidirectional antennas.

AH/PKT-71

The AN/DKT·71 telemetry tranamltter Mnds information 110m the Standard MiaaHe 2 to
gfOund atatlon telemetry receNers (Mlcrodyne MR1200 ......) c:IurIog teat flights and bench
evaluation of the missne. The AN/DKr71 telemetry trInImItter wIIoperate In the 2209.9-2279.1
MHz frequency range with a mean output pcMW of 5 wattt Into • conformal array antenna with
up to 5 dBI gain. Each missile will be able to use one of ....... discr8te frequencies (2212.5.
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2224.5, 2232.5, 2252.5, 2262.5, 2272.5 and 2276.5 MHz) in this frequency range. The transmitter
uses a PCM Frequency Modulation scheme and has an emission designator of 5M04F7D.

Stage 3 operation wilf be at PMTC, China Lake and WhlteS8t1ds Mi88He Range. Stage 4
operation win be at National service and test ranges In the US&P. The system win ..place the
AN/DKT·53 and AN/DKT·53A for several applications.

TItan III and IV

The AF Titan telemetry system will transmit telemetry data to ground stations and will be
operational from launch to stage 2/3 separation. White the T1tan tt1~ ... usually launched at
Cape Canaveral, FL, the Titan IV~ win be used at Cape Canaveral AFS, FL, and vandenberg
AFB, C'A. The system will operate in the 2200·2300 MHz frequency band with an average output
power of 14 Wand a mainbeam antenna gain of 7.5 dBL

VIctor 7·100 SIL Series

The vector T-1oo S/L Series telemetry transmitters actually consist of a aeries of

equlpments, all with similar operating characteristics. SpeclffcaNy fdentifted are the ~ctor T
102S/L, T-102SE/LE,T-105S/L, T-105SE/LE, T-108S/L, and 'f.11OLE Transmitters. The system
is used to provide real time, highly reliable FM/FM and PCM/FM telemetry links tromalrborne
vehicles, Including missiles, to and from other airborne or ground facilities. The system operates
at a paNer level range of between 2 watts and 10 watts. The area of operation Is the US&P.

Omnltlk TX501

. The Navy~ Omnitek TX501 telemetry system will be used to collect and transmit telemetric
Information from the Advanced Medium Range Alr to Nt Missile (AMRAAM) during ¥arhead
launch· tests. The system will be used to evaluate misaHe performance duringwatMad launch
tests. The system will operate in the 2200-2290 MHz band with a 3M78F1 0 emiaaton at • mean
power of 2 watts. The Stage 3 areas of operation include military test ranges at Eglin Air Force
Base, FL; Naval Weapons Center, C'A; Pacific Missile Test center, C'A; and White Sands Missile
Range, NM.
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Mlcrocom 1902

The Navys Microcom T902 transmitter is part of the t.lemetry transmission system for the
sidewinder mis.lle recovery ~ckage. The Intended operating data rate of PCM/FM telemetry
doNnlink from Microcom T902 transmitter to ground "ceNer 11600 kbps. The transmitter will
operate in the 2200·2290 MHz band with a 1M35F2D emll8lon at a mean poNer of 2 watts. The
Intended operating frequencies are specified at 2202.5, 2209.5, 2211.5,2213.5.2214.5.2217.5.
2218.5.2220.5.2222.5. and 2225.5 MHz.

The Microcom T902 transmitter. which is a commercially available. off-the-shelf equipment.
will replace some applications of the AYDIN vector T·202S trlnBmltlers. The Stage 4 areas 01
operation inciude military test ranges In the US&P at the Naval W8ap0ns Center, ~; Pacific
Missile Test Center; 0\; Eglin Air Force Base, FL; and Tyndall Air Force Base, FL The
international area of operation includes Clark Air Force Base. Republic of the Philippines.

Earth Aesources (EA-a) High Altitude Aircraft

The purpose of the system is to provide for the transmission of scientific data from the
Instruments on board an ER·2 aircraft to a ground station. The telemetry data Ink will provide
-quick look- capability of the data on the ground In real time, allowing experimenters to advise
the pilot to seek a better field of view. to permit remotely located scientists to examine data, and
to monitor the experimental instruments on board the aircraft.

The ER-2 consists of an airborne transmitter and ground receiver. Operations will mainly
be confined to within 185 km of Cape Kennedy Space Center and 560 km of the NIJSA/Ames
Research Center at Moffett Field, California. The ER·2 will fly at altitudes of 13 kmto 18 km. The
ER-2 will also be used in support of state and Federal fire control efforts in the western part of
the U.S. A NASA transportable ground station will support flights beyond 300 NM of Moffett
Field. The transmitter has a paNer of 40 watts, an orml antenna (1 dBI), and a bandwidth of
approximately 3.5 MHz but not to exceed 8 MHz. The reoei\w has an anteMa gain of 16 dBI.
NASA has proposed four possible frequency bands for ER·2 operations. They are 902·928 MHz,
1435·1530 MHz, 2200-2290 MHz, and 1626.5-1645.5 MHz In order of preference.
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MIA COM Mod.1 MA-2,SNX and Mod,1 Sup" 2MB

An example of this system is the Army~ MIA COM Model MA-2,5MX Transmitter and
Model Super 2MR Receiver. The MA-2.5MX Transmitter will transmit video teat data and audio
signals from mobile vehicles to a central base station O\I8r a distance of 100 meters to 8
kilometers during field t.st operations. The system haa the capability to operate in the 2200
2450 MHz band. The proposed system wlll replace three APCM Moder AT-361OS-V Iyatems and
one AT-1410S-V system whose operations on 2205.5, 2225.5, 2245.5 and 2265.5 MHz will
eventually be phased out. The system Is planned for use at Ft. Bliss, Texas, and Ft. Knox,
Kentucky.

Tttbtrtd Radar Balloon,ISEEK SKYHOOK. Diacuased previously in Section 5.

Scoring S.m, a.r,mltrv Unk}

11:II. Discussed previously In Section 5.

fAIl. Discussed previously in Section 5.

AN/U§Q-X

The AN/USQ-X Scoring System Is an RF mlss-dlstance indicating system consisting of an
MOl on an aerial target, a teremetry downlink, and a rece!Ying ground station. The MOl will
gather miss-distance and closing velocity data on high- and low-altitude intercepts betWeen aerial
targets and Incoming projectiles. The projectiles' .\lelocitits. rnJas-cliltances. and other intercept
statistics will then be sent via the telemetry dCM'DIink to the ground· f8Ct1ving 8tatlon for ...I-time
processing and display. The scoring system win be comp8tibIe wtIh marrt types ot.talgets that
vary in speed and altitude. The types of projectfIea that can be fired at these targets f8DQ8 from
3-lnch-diameter gunnery rounds, to high-performance mllllel. Simultaneous operation of up
tOlix systems is possible during multiple target peeentationI. with each system using
independent teI.metry doNnlinks. Figure 6-1 IhowI the AN/USQ-X ICOring .ystem
configuration. The figure is also a ..presentative of a typical configuration of an airborne .coring
system.
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1485 - 1535 l1iZ

and

22CO - 22-CtJ M-:Z

Gi\OUND TE &E JI'(Y

RECE!VE.~

HIGH PERFORMANCE
MISSILE

tID.
lIJ.O - l..~ t1iZ

Figure 6-1. Typical AN/USQ.X Scorfng S)'8tem Configuration.
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